Systems that depend for their function on the interacting expression of many genes will constrain evolution, because the effects of a heritable change will have to mesh with the effects of the unchanged genes in order to be functional. In general, it would seem that the more a system is built upon complex interactions (i.e., interactions requiring the cooperation of products of different genes), the fewer heritable changes will prove to be evolutionary. The nervous system is highly interdependent, and yet it has evolved extensively (1). The nervous system, therefore, offers a place to examine how evolutionary changes can be made under the constraints imposed by highly interdependent systems. 
A heritable change is a nonlethal genetic change that is passed on to descendants. Some heritable changes offer the recipient organism a potential advantage in competing with other individuals for its survival and for the production and survival of its offspring. Such genetic changes usually produce functional phenotypic alterations and have the potential to be evolutionary changes.
Systems that depend for their function on the interacting expression of many genes will constrain evolution, because the effects of a heritable change will have to mesh with the effects of the unchanged genes in order to be functional. In general, it would seem that the more a system is built upon complex interactions (i.e., interactions requiring the cooperation of products of different genes), the fewer heritable changes will prove to be evolutionary. The nervous system is highly interdependent, and yet it has evolved extensively (1). The nervous system, therefore, offers a place to examine how evolutionary changes can be made under the constraints imposed by highly interdependent systems. (3) has termed the effect of these normally present ontogenetic mehanisms "4cnalization" because they buffer changes in the normal ontogenetic process and thus tend to maintain development in the same ontogenetic channel.
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The costs of publication of this article ere defrayed in part by the payment of page charges. This article must therefore be hereby marked ""advertisement" in accordance with 18 What would such an ontogenetic mechanism look like? On one hand, it might be an increase in the amount of mitoses in one member of a pair of matching populations so that its size just equalled that of the other member. Alternatively, the mechanism might utilize a preexisting surplus of cells and cull out only those cells that are not necessary for the match. We will argue that the latter ontogenetic mechanism (that is, excess cells coupled with cell death) is normally available for type II evolutionary change. Excess cells in the nervous system Let us explore the consequences of excess cells, both for ontogeny and for phylogeny. It has been repeatedly observed that, during development, more neuroblasts are generated than survive to be members of mature functioning matching populations (Table 1 ). This surplus cell production "cannot be ascribed to imprecise programming of the number of mitotic cycles" (6) because the total number of neuroblasts produced in similar animals is fairly constant. The surplus cells must therefore be of some use'to the animal. Cowan (16) and Hamburger (6) both suggest that the surplus cells are a "safety factor" (6) which allows a neural population to "accommodate ... a fairly wide range of variation within its innervation field" (16). They also suggest that the process of forming appropriate synapses may be, in part, probabilistic and that surplus neuroblasts may be necessary to achieve the correct final connections. It is easy for us to imagine that excess cells may be needed to compensate for developmental errors [such as axons growing to the wrong target (17) ] or possibly to produce sufficient trophic substance (or some other trophic interaction) for normal growth (18) . Whatever their precise role during normal onto- We expect that those matching populations that continue to evolve into larger populations will need to increase the number of surplus cells produced. On the other hand, some matching populations will follow Fig. 2 in reverse-that is, they will evolve into smaller matching populations, and here each evolutionary step will result in a greater surplus of unused neuroblasts. Animals evolving in this direction will tend to decrease the number of neuroblasts produced and thus conserve the developmental energy going into producing large numbers of unused cells. Because both varieties of type II changes (that is, toward larger and toward smaller matching populations) can occur, we speculate that the gene(s) that control the number of neuroblasts produced are frequently altered. In this way, different levels of neuroblast excess can continually be tested.
To illustrate, we suggest two specific predictions. Beavers have 6 times as many neurons in their mature mesencephalic trigeminal nuclei as do hamsters (20 Grafting and amputation operations (done early in development), on the other hand, can often approximate heritable changes. For example, to increase the size of the matching population represented by limb musculature without increasing the initial number of ventral motor neuroblasts (that is, to approximate a nonconcordant increase in the size of one pair of a matching population), a larger limb primordium can be grafted in place of the one normally found on a particular animal. Alternatively, a supernumerary limb could be grafted alongside the normal one, and so the Hollyday and Hamburger (19) experiment of adding supernumerary limbs to chicks can be considered an evolutionary experiment. This experiment shows that, in the chick, a nonconcordant heritable increase in the size of the periphery can probably be balanced by central adjustments. In this case the central adjustments allow more of the excess neuroblasts to survive as members of the mature matching population.
Experiments that come even closer to the ideal were performed by Twitty (21) who replaced one eye primordium of the salamander Ambystoma punctatum with an eye primordium from its larger relative A. tigrinum. Twitty had thus made a nonconcordant change in one member of a pair of matching populations. As the host salamander developed, the number of retinal ganglion cells in the grafted eye became significantly larger than the number found in the normal eye that it had replaced. It was found that at least one of the eye's complementary matching populations-namely, the tectal neuron population of the midbrain-had increased in size concordantly. This manipulation tested the ability of available ontogenetic mechanisms to bring about a concordance in the number of cells in both populations-that is, in the retinal ganglion cell population and its target population of tectal neurons. The experimental results indicate that Ambystoma normally possesses some ontogenetic mechanism that can convert a nonconcordant change in the size of one member of a matching population into a concordant change (that is, into a potential type II evolutionary change) in the size of the pair of matching populations. It is possible that (parallelling the case of the supernumerary chick limbs) excess tectal cells have been allowed to survive and thus match the excess retinal ganglion cells. On the other hand, it is also possible that concordance between the two populations resulted from an increase in mitosis of tectal cells. Careful labeling and counting studies must still be done to puzzle out which normal ontogenetic mechanism actually buffered the nonconcordant increase in the Ambystoma retinal ganglion cell population.
The scientific literature contains a large number of other grafting and amputation experiments (for example, refs. [22] [23] [24] [25] that now can be seen to contain evolutionary information. Specifically, they reveal some of the normal ontogenetic mechanisms that are available to turn nonconcordant heritable changes into potential type II evolutionary changes.
Conclusions
Evolution of the nervous system is constrained by the need to maintain functional matching populations. The two possible evolutionary steps are: type I, genetic changes that have concordant effects on both members of a pair of matching populations; and type II, genetic changes that can avail themselves of existing ontogenetic buffer mechanisms to produce concordant change in a pair of matching populations. Ontogenetic experiments can provide tests for some evolutionary speculations and in particular can reveal those normal ontogenetic mechanisms upon which type II evolutionary change depends in order to maintain functional matching populations.
